ABSTRACT
INTRODUCTION

47
Pericytes are contractile cells that surround the endothelium of the 48 microvasculature (23). Within the kidney, pericytes are present on capillaries in both 49 the renal cortex and the renal medulla, however, the descending vasa recta capillaries 50 (VR) of the renal outer medulla have the highest density of vascular pericytes (9, 32) .
51
The VR are specialized vessels that extend downward into the renal medulla and give 52 rise to the peritubular capillary (PT) network providing blood to the region. Pericytes on 53 VR have been speculated to regulate medullary blood flow (23) and act as a support 54 structure for endothelial cells by maintaining the integrity of capillaries (20) . However, 55 studying the renal medulla and VR pericytes in vivo is extremely difficult due to access 56 and as a result, the physiological role of these cells is not well understood (23).
57
A recent clinical study demonstrated improved recovery following renal ischemia 58 in cadaveric allografts with higher pericyte densities (19).
More specifically,
59
transplanted renal allograft biopsies that recovered after surgery had greater peritubular 60 interstitial pericyte density in the renal cortex when assessed by immunohistochemistry 61 compared to kidneys with sustained impairment of function (19). Our goal was to 62 determine if this association is also observed in an experimental model. We
63
hypothesize that lower pericyte density is associated with increased ischemia 64 reperfusion (IR) induced injury in rats. Our data will provide a platform allowing us to 65 better delineate the potential pathways through which greater pericyte density may be 66 beneficial following a period of ischemia.
67
A well-accepted experimental model of acute kidney injury (AKI) that mimics the 68 ischemic period in cadaveric allografts is 45 minute warm bilateral IR (7, 31) image of renal medullary pericytes is shown in Figure 1 .
130
Slides were labeled 1-67 to remove group identifiers. A systematic approach was 131 followed to ensure images of the medulla were consistent between samples. blocker losartan from 4-8 weeks of age and at 12 weeks of age renal medullary pericyte 176 density was decreased. We utilized a similar approach in the current study in which a 177 subset of rats were treated with either vehicle or the angiotensin converting enzyme 178 inhibitor enalapril (10 mg/kg/day in tap water ad libitum) from 5 until 9 weeks of age.
179
Water intake and body weight were measured every 2-3 days and fresh medicated 180 water was prepared according to these measurements to ensure consistent and proper 181 dosing with enalapril. All rats received tap water from 9 to 13 weeks of age. At 13
weeks of age rats were anesthetized with a ketamine-xylazine cocktail before being 183 sacrificed for measurement of pericyte density and renal injury as described above.
184
Blood pressure monitoring. In order to determine if enalapril treatment from 5-9
185
weeks of age significantly affected long-term blood pressure, systolic pressure was 186 measured by tail cuff at 13 weeks of age in vehicle and enalapril treated rats.
187
Specifically, rats were placed in a medium-sized rodent restrainer to prevent excessive pedicle was ligated with 4-0 black braided silk and the left kidney was extracted.
204
Pericyte density was determined in the left kidney as described above using NG2 of perfusion) to fix the kidney. The kidney was then removed and placed in a vial for 219 incubation with 10% formalin for 2-3 days. After incubation, the kidney was cut into 1.08 220 mm slices using a homemade razor device. The slices were counted and every odd 221 slice was viewed under a microscope (5x magnification). Outer-medullary kidney 222 volume was estimated using a dot grid printed on translucent paper with dots 0.85 mm 223 apart. The dots identified to be in the outer medulla were counted and used to estimate 224 the outer-medullary volume (V OM ) by the Cavalieri Principle (11, 12).
225
Kidneys with an even number of slices:
Kidneys with an odd number of slices:
Where ΣP is the total number of dots counted, p n is the number of dots of the last 230 slice, a(p) is the area associated with each grid dot, and T is section thickness. 
RESULTS
238
Lower pericyte density is associated with increased peritubular capillary 239 congestion.
240
Pericyte density was assessed by positive immunofluorescence using an NG2 antibody 
257
Transient treatment with enalapril decreases pericyte density.
258
We confirmed a previous report that transient renin-angiotensin system (RAS) blockade 259 in SHR lowers pericyte density (4). In our study, we observed a 19%±8% decrease in damaged tubules (85% increase). Transient enalapril treatment in males had no effect 286 on renal injury. Similarly, IR increased plasma creatinine (seven-fold; Figure 5B ), BUN
287
(four-fold; Figure 5D ), protein cast formation (11% increase; Figure 5f ) and tubular 288 damage in female SHR (57% increase; Figure 5h) systolic pressure compared to females; however, we did not observe a significant effect 297 of transient enalapril treatment on blood pressure in SHR of either sex ( Figure 6 ).
298
Male rats lose more pericytes after ischemia reperfusion than females.
299
To determine whether changes in outer-medullary volume were responsible for 300 decreases in the density of outer-medullary pericytes observed following IR, total 301 pericyte numbers were calculated by multiplying mean volume*density in these kidneys.
302
The total number of pericytes in the outer medulla decreased following IR in both sexes,
303
however, males lost more pericytes than females (40% decrease in males and 30% 304 decrease in females; Figure 7a ). Representative images from each group depicting this 305 decrease in density is shown in Figure 7b .
306
DISCUSSION
307
The major finding of this study is that lower outer-medullary pericyte density is 308 associated with increased IR-induced injury in rats. question.
355
The current study was not designed to investigate the physiological mechanisms 356 through which pericytes may mediate enhanced recovery following IR, but rather, the 357 primary goal of our study was to determine whether the beneficial effects of pericyte female: 5b), blood urea nitrogen (BUN; male: 5c; female: 5d), tubular cast area (male: 602 5e; female: 5f), and percent of tubules damaged (male: 5g; female: 5h) are shown.
603
Values are mean ± SEM; n=3 for rats without IR due to limited number of samples for 604 plasma creatinine and BUN assays; n=5-10 for the rest of the groups. b.
